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Introduction
Countries grow through stages of initial industrial diversi…cation and eventual concentration. Indeed, a U-shaped industrial concentration curve over an economy's development path was documented by Imbs and Wacziarg's 2003 American Economic Review article. According to their …nding, in a …rst stage of development, as a country's per capita income increases, the country's manufacturing sector becomes more diversi…ed. In a second stage, while per capita income keeps rising, the country's industry becomes more concentrated.
This phenomenon has major macroeconomic consequences. For instance, Koren and Tenreyro (2007) showed that industrial concentration is important in explaining the volatility of the growth of GDP per capita. This implies that, especially in their …rst stage of development, regardless of per capita income growth, poor countries with a more concentrated productive structure are potentially left increasingly vulnerable to higher GDP volatility. In this context, understanding the mechanisms that generate the two stages of industrial concentration put forward by Imbs and Wacziarg (2003) becomes all the more relevant for the design of economic policies aimed at reducing income ‡uctuations, especially in less developed economies.
Perhaps surprisingly, there is to the best of our knowledge no empirical study examining the sources underlying the industrial specialization patterns described by Imbs and Wacziarg (2003) .
1 Our paper proposes a simple testable hypothesis: we argue that the U-shaped industrial concentration curve might be a direct result of a Rybczynski e¤ect, whereby countries accumulating capital should initially diversify their industrial production (as they move away from labor-intensive industries to capital-intensive industries), and eventually concentrate in the production of highly capital-intensive goods.
2
Our work uses the Heckscher-Ohlin (HO) model of international trade as a framework to empirically study the evolution of industrial concentration over time. Using data on 44 developed and developing countries over the 1976-2000 period, we aim at quantifying the importance of factor accumulation in explaining structural change within the industrial sector. For this purpose, the model is …rst estimated using panel data in a way that is novel but consistent with the mainstream trade empirical literature. 3 The estimation results show that the traditional 1 In their analysis, these authors described four potential theoretical mechanisms that, when combined, could explain the observed empirical patterns. Namely, they justi…ed industrial diversi…cation as the likely result of portfolio diversi…cation arguments as in Acemoglu and Zilibotti (1997) and of a "taste for variety" implied by non-homothetic preferences à la Dixit and Stiglitz (1977) . The second stage of industrial concentration could be explained by falling transportation costs, allowing countries to specialize according to their comparative advantages, as predicted by Ricardian models with a continuum of goods like that of Dornbusch et al. (1977) , or by increasing returns to scale generated by the clustering of economic activity in speci…c regions or countries à la Krugman (1991).
2 Acemoglu and Guerrieri (2008) developed a model related to this hypothesis as they also explain the non-balanced nature of growth with a factor-proportions model. However, they model a closed economy and empirical work is not tackled, but only called for in their concluding remarks.
3 Our estimation strategy closely follows Schott (2003) in allowing for di¤erent cones of specialization and aggregating ISIC industries into two "HO aggregates" -one being labor-intensive and the other capital-intensive. 1 2 2 HO model with …xed cone cuto¤s explains well specialization patterns at the HO aggregate level over the whole period under analysis.
We then use the estimation results to decompose the evolution in industrial concentration as measured by a Her…ndahl index into components that can be attributed to Rybczynski e¤ects. We obtain that capital accumulation and the Rybczynski e¤ect are key in explaining the evolution of specialization across HO aggregates. Our calculations indicate that on average at least one third of the changes in industrial concentration can be explained by these e¤ects -and nearly half of the changes observed in the period [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] .
The paper is organized as follows. Section 2 estimates the production side of the traditional Heckscher-Ohlin model. Section 3 decomposes the changes in industrial concentration over time. The last section summarizes and concludes.
2 The production side of the Heckscher-Ohlin model
Theoretical framework
Consider N countries, n = 1; : : : ; N . At date t, country n is endowed with a quantity K t n of capital and a quantity L t n of labor. There are two goods (i = l; k) that can be produced in each country using capital and labor. Good l is labor-intensive, and good k is capital-intensive. There is no factor intensity reversal. Both goods are produced with constant returns to scale (CRS) by competitive …rms, and the marginal product of each factor is positive and decreasing at the …rm (and industry) level. All countries have access to the same technology. Each country is small and can freely trade goods on the world market at date-t prices.
In a competitive equilibrium, countries with a low capital-labor ratio (K t n =L t n 2 ( 0 = 0; t 1 )) specialize in the production of the labor-intensive good. Countries with an intermediate capital-
t 2 )) produce the two goods. Countries with a high capital-labor ratio (K t n =L t n 2 ( t 2 ; 3 = +1)) specialize in the production of the capital-intensive good.
<Figure 1 about here.> Figure 1 represents the production patterns implied by the theoretical model. 4 The dashed line represents value-added per worker for the labor-intensive good over a country's "development path". The solid line represents value-added per worker for the capital-intensive good. The Rybczynski e¤ect says that, with …xed prices and technologies, capital accumulation in However our estimation is performed using panel data, whereas that of Schott (2003) is based on a cross-section of countries for the year 1990. In addition, we introduce multiplicative country …xed e¤ects that account for country heterogeneity, accounting for cross-country di¤erences in total factor productivity (TFP) as in Tre ‡er (1995) , and also for land and natural resource availability. We also make adjustments for factor quality as in Tre ‡er (1993) . 4 See Deardor¤ (1974 Deardor¤ ( , 1999 for further details.
2 the cone of diversi…cation leads to a reduced production of the labor-intensive good and to an increased production of the capital-intensive good. That is exactly what can be observed in Figure 1 : initially only (an increasing quantity of) the labor-intensive good is produced, but once the economy reaches the capital-labor ratio necessary to enter the cone of diversi…cation, this production falls until it reaches zero in the …nal cone of specialization, where only (an increasing quantity of) the capital-intensive good is produced. The capital-intensive good displays the opposite behavior over this economy's development path, as it continues growing from zero as soon as the economy reaches the cone of diversi…cation. The thin straight line that is tangent to the two curves determines the capital-labor ratios in the two industries (equal to t 1 and t 2 ).
<Figure 2 about here.>
The patterns of specialization given by Figure 1 can be used to construct a measure of productive concentration for this economy. Figure 2 depicts the Her…ndahl index implied by the HO model. 5 The model's prediction of a U-shaped curve for industrial concentration when a country moves along its "development path", i.e. when it accumulates capital, is evident in this …gure -a prediction very much in line with the industrial concentration patterns documented by Imbs and Wacziarg (2003) .
Econometric model and estimation strategy
Linearity assumption In order to estimate the theoretical model presented in the previous section, we begin by assuming that value-added in the production of each good a (where a = l; k) by country n at time t (denoted V A t na ), divided by the total number of workers in country n at time t (denoted L t n ), is a piece-wise linear function of country n's capital-labor intensity at time t (denoted K t n =L t n ); and can be expressed as: +1, and c = 1; 2; 3 denotes the di¤erent cones of production, which are delimited by cone cuto¤s t c as in the theoretical HO model described in the previous subsection. Note that cones and cone cuto¤s are common to all countries, although our econometric model allows for them to potentially vary over time. The parameters describing production in 5 With two goods only, denoting by s l the share of the labor-intensive good in total value-added, and by s k the share of the capital-intensive good, the Her…ndahl index is simply HI = s 2 l + s 2 k . It attains a maximum of 1 when only one good is produced, and a minimum of 0.5 when the two shares are equal to 50%. 3 each cone ( t ca and t ca ) also vary over time and are subject to several restrictions implied by the theoretical model. 6 
HO aggregates
Given that in reality many more than two goods are produced, we use the methodology proposed by Schott (2003) to aggregate value-added produced in the various industries in our dataset into two HO aggregates, one produced using labor more intensively and the other produced using capital more intensively. This aggregation procedure is theoretically appropriate because industries are gathered according to their capital-intensity usage as in the production side of the HO model, unlike when using classi…cations such as the International Industrial Classi…cation (ISIC) which provides collections of goods with similar end use that may be produced in totally distinct ways. Using Schott's (2003) aggregation methodology, we allow for the same ISIC industry to be classi…ed as belonging to a labor-intensive aggregate in a country where capital usage is relatively low (consider the footwear industry in Panama) and as belonging to a capitalintensive aggregate in a country where this industry uses capital in production intensively (consider the Italian footwear industry). 7 We form HO aggregates as follows. For each country, all the industries with a capitallabor ratio below the HO cuto¤ q are grouped into a labor-intensive HO aggregate, and all the industries with a capital-labor ratio above the HO cuto¤ are grouped into a capital-intensive HO aggregate. In country n at date t, the production of the labor-intensive aggregate is therefore
; while the production of the capital-intensive aggregate is equal to
ni is the e¤ective capital to e¤ective labor ratio de…ned in the next section. Note that we assume that the HO cuto¤ does not change over time: this is why q does not depend on t.
International di¤erences in factor quality
Following Tre ‡er (1993), we wish to take into account factor-augmenting international productivity di¤erences. Let z t f n be the productivity of factor f = K; L; in country n at date t. If K t n and L t n are, respectively, the measured quantities of capital and labor, then the e¤ective quantities of capital and labor are given by
Country and time …xed e¤ects 6 Namely, in cone 1, : 7 For any ISIC industry, cross-country di¤erences in factor intensity might re ‡ect the fact that countries specialize in goods that di¤er in quality. It might also be the result of an international fragmentation of the production process, with the labor-rich countries specializing in the production stages that are labor-demanding. The aggregation procedure we adopt using value-added data circumvents both of these concerns.
Even after accounting for cross-country factor-augmenting productivity di¤erences, there are still cross-country total factor productivity (TFP) di¤erences remaining. We take this possibility into account by incorporating time-invariant Hicks-neutral productivity di¤erences in our empirical model. Estimating this TFP e¤ect incorporates the impact of land or natural resources on productivity. 8 The e¤ect of such productivity di¤erences is a pure scale e¤ect: the production level of each aggregate is multiplied by the same TFP factor. Note that the cone cuto¤s do not change, while all the intercepts and slopes are multiplied by this factor.
In order to measure the e¤ect of changes in global technological progress and of aggregate prices, we also introduce multiplicative time dummies t a ; speci…c to each aggregate but common to all countries.
The econometric model we …nally estimate is given by:
Note that we estimate one national productivity factor for each aggregate ( na where a = k; l). We check ex post that nk = nl are of the same order of magnitude for each country.
Further note that we assume that the cone cuto¤s do not change over time. This requires that the relative price of the two aggregates does not change or that this change is compensated by biased technological change. The validity of this assumption is also checked ex post.
Estimation procedure
In order to estimate our econometric model, we need to select values for the HO cuto¤ q and the two cone cuto¤s, 1 ; 2 . The selection of these parameters was done as follows.
We estimated model (2) using constrained Non Linear Least Squares (constrained NLLS) on our panel dataset over a grid of HO aggregate cuto¤s and cone cuto¤s. We took values for q = 2; 500; ...; 15; 000, with steps of 2,500, and took values for 1 = 500; : : : ; 10; 000, with steps of 500, and 2 = 3; 000; :::; 40; 000; also with steps of 500).
The total Sum of Squared Residuals (SSR) was then computed for each set (q; 1 ; 2 ) by summing the SSRs for both HO aggregates. We selected the triplet (q; 1 ; 2 ) such that the total SSR was minimized, and the explanatory power of the model remained high for both HO aggregates.
Data and construction of the main variables
This paper uses data from the United Nations Industrial Development Organization (UNIDO, 2005 a,b) and the Penn World Table version 6.1 (PWT) (Heston et al., 2002) . The UNIDO data set (revision 2 at the 3-digit level) presents data for 28 sectors, but several countries aggregate data for two or more sectors (like "food products" and "beverages") into a larger one. To appropriately recognize missing data and to make data comparable across countries, we follow Koren and Tenreyro (2008) and aggregate sectors in order to obtain a consistent classi…cation across countries. This leaves us with the 19 sectors or industries. To estimate the model, we use 5-year averages for the periods 1976-1980, 1981-1985, 1986-1990, 1991-1995, and 1996-2000 . We use the data for a country in a given period when they are available and when the country is open to international trade (according to Sachs and Warner, 1995) . Value-added Value-added is expressed in 1996 U.S. dollars, computed using the exchange rates and national de ‡ators from the PWT. We do not use PPP-adjusted values: we assume that all goods produced with the same capital-labor ratio can be sold at the same price on international markets, as in the HO model.
Capital
To compute the stocks of capital at the industry level, we use investment data from the UNIDO at the 3-digit (UNIDO, 2005a) and 4-digit (UNIDO, 2005b) levels. The …rst database provides data for the period 1963-2001, and the second database covers the period 1985-2001. The second database contains data missing in the …rst one. The two matrices were merged. 10 We took investment in current U.S. dollars, and used exchange rates from the PWT to translate these numbers in the current national currency. Implicit national investment de ‡ators were computed as the ratio value of national investment in current national currency units (ICUR) / value of national investment in 1996 national constant prices (IKON). We then used the perpetual inventory method to compute stocks of capital at the sectoral level.
11
In order to adjust capital stocks for international productivity di¤erences, we rely on Eaton and Kortum (2001) estimates for the price of equipment goods for a given country, which can be interpreted as the real price of an e¤ective unit of equipment good. As prices are normalized 9 A list of all sectors, geographic coverage of key variables, and industry capital-labor ratios are available from the authors upon request.
10 Even after data merging, the database contains many lacunae. In order to compute stocks of capital, we had to make assumptions about these missing values. When there are gaps within a sequence and when there are fewer than six consecutive years of missing data, the sequence was completed using a linear interpolation. When the beginning (end) of a sequence is missing, we replaced the last (…rst) three missing values with an average of the …rst (last) three available values.
11 The exact formula is the one used by Leamer (1984, p. 233) . We kept capital stock estimates only when we have at least eight consecutive years of investment data (once gaps are …lled, as explained in the previous note). so that the U.S. price is equal to one, we can …nd for each country a proxy for the productivity of equipment goods (relative to the U.S.) by computing the inverse of the reported price of capital. As a result, we use the measured price of equipment capital to adjust reported investment downward when investment is costly.
Labor
To measure the quantity of labor used in a production in a given industry, we use data from the UNIDO database. These data are corrected for educational di¤erences using the method proposed by Hall and Jones (1999) 12 and the data on educational achievement from Barro and Lee (2000) .
Estimation results
The (q; 1 ; 2 ) triplet with best …t is given by (q = 7; 500; 1 = 3; 000; 2 = 21; 000). Table  1 presents the results of our estimation for this cuto¤ triplet. It shows that the Rybczynski e¤ect is substantial and highly statistically signi…cant. In the cone of diversi…cation, countries that accumulate capital produce fewer and fewer of the labor-intensive goods (^ 1l > 0 implieŝ 2l < 0) and more and more of the capital-intensive goods (^ 2k > 0). As a result, capitalaccumulating countries have produced more and more of the capital-intensive goods.
<Table 1 about here.> The period dummies appear to be small and not statistically signi…cant. There is little change in the absolute price of each HO aggregate, or any price change has been almost exactly compensated by a biased technological progress. As a result, the relative price of the two HO aggregates does not seem to vary signi…cantly over the 1976-1995 period. We interpret this …nding as a validation of our assumption that the cone cuto¤s do not move too much over time between 1976 and 2000. 3 The U-shaped industrial concentration curve in a neoclassical world
Our estimation of the Heckscher-Ohlin model points to the importance of the Rybczynski effect in explaining the dynamics of specialization over time for our panel of 44 developed and developing countries over 1976-2000. We take this …nding as a …rst indication that factor accumulation might indeed explain the U-shaped industrial concentration curve described by Imbs 12 The correction factor for labor in country n at date t is and Wacziarg (2003), according to which countries grow through two stages of diversi…cation: a …rst stage of development in which, as a country's per capita income increases, the country's manufacturing sector becomes more diversi…ed; and a second stage in which, while per capita income keeps rising, the country's industry becomes more concentrated. The hypothesis we examine is that poor labor-abundant countries that accumulate capital diversify their output by moving away from labor-intensive industries to capital-intensive industries, while rich capital-abundant countries that accumulate capital concentrate in the production of highly capital-intensive goods. As discussed in Section 2.1. and illustrated by Figure 2 , this hypothesis is theoretically capable of producing Imbs and Wacziarg's (2003) empirical U-shaped industrial concentration curve. In this section, we evaluate the extent to which this theoretical hypothesis can explain the empirical observation.
Decomposing the change in the Her…ndahl index
In order to measure the concentration of a country's manufacturing sector, we use a Her…ndahl Index (HI) de…ned for country n at date t as HI
;with V A t nu denoting the value-added of sector u and S the total number of sectors in the economy.
To isolate the e¤ect of the neoclassical factors, we proceed as follows. With two HO aggregates, we can decompose the HI as:
and HI
The total HI can therefore be expressed as a weighted sum of the HIs at the HO aggregate level, with the weights being equal to the squared shares of the aggregates. It is straightforward to show that the change in concentration can be expressed as: We now present two hypothetical extreme cases to provide simple intuition about this decomposition. In both cases, there are two aggregates with two industries in each aggregate.
Case 1: Between e¤ect only
Under this scenario, it is assumed that over time an economy's value-added increases evenly in the two capital-intensive industries, whereas it remains constant in the two labor-intensive economies. In this situation, value-added in the four industries changes as in the following example: This between-e¤ect can be described as a "Heckscher-Ohlin e¤ect": it happens as a result of a shift of production to a set of goods that use a factor intensively. Such a shift can be explained by the neoclassical trade model and its direct extensions: Rybczynski e¤ects, biased technological progress, change in relative prices, or a decline in transportation costs combined with comparative advantages à la HO.
Case 2: Within e¤ect only
Under this alternative scenario, it is assumed that the value-added of one industry in each aggregate is growing at an even rate, while the value-added in the other industry in each aggregate remains constant. Suppose that value-added changes as follows: The share of each aggregate does not change: there is no between-aggregate e¤ect, only a within-aggregate e¤ect. The Her…ndahl index changes by HI t;t+1 n = 0:278 0:250 = 0:028, exactly the same magnitude as before. However, the concentration index now rises because each aggregate becomes more concentrated. A within e¤ect can be due to a decline in transportation costs combined with comparative advantages à la Ricardo, or with economies of scale as studied in the new economic geography literature.
In reality, a combination of between-aggregate and within-aggregate e¤ects is likely to occur. In addition, most countries in our sample accumulated capital over time, and national industries moved from the labor-intensive aggregate to the capital-intensive one. As a result, the composition of the aggregates also changes over time. We control for this composition e¤ect by keeping constant the composition of the HO aggregates between the base and …nal periods.
Results of the decomposition
Using the methodology just proposed, we decompose changes of industrial concentration over 10-year intervals. Namely, we consider changes in the Her…ndahl index ( HI) and its between (BE) and within components (W E) over three moments in time: 1976-1980, 1986-1990, and 1996-2000 . Tables 2 and 3 show results for both unadjusted and adjusted (for compositional e¤ects) data. <Table 2 about here.> <Table 3 about here.> Our results point to neoclassical factors explaining a large fraction of observed changes in industrial concentration, especially between 1976 and 1990. Over that period, the between e¤ect explained an average of 46.1% of the (absolute) magnitudes of changes in industrial concentration, while it explained an average 36.6% of changes between 1986 and 2000.
The between e¤ect is positive for most countries, indicating a positive contribution to industrial concentration. Moreover, countries with negative between e¤ects (denoting diversi…cation of the industrial productive structure) are mostly less developed (such as Bolivia, Hong-Kong, Malaysia, and the Philippines in the earlier period, and Jordan, India, Indonesia, and Panama in the more recent period), which conforms to the theoretical predictions of the Heckscher-Ohlin model.
If we account for changes in the composition of HO aggregates, the weight of between e¤ects on total changes in industrial concentration decreases to 29.7% and 26.9%, respectively for the periods 1976-1990 and 1986-2000 . We observe an average reduction in the relative contribution of the between e¤ect to the overall HI change due to the compositional adjustment of HO aggregates. This is evidence of signi…cant movements of ISIC industries across HO aggregates over time -in particular, of industries moving to the HO capital-intensive aggregate as their capitalistic intensity increases.
It must be noted that our empirical approach does not take into account changes in specialization within HO aggregates due to changes in factor proportions -as would be the case of a move toward the production of capital-intensive goods within the capital-intensive HO aggregate when there is capital accumulation. For that reason, the results we obtained should be interpreted as lower bounds to the total concentration/diversi…cation e¤ect of factor accumulation. Nevertheless, it is clear that there is still room for other types of explanations for changes in patterns of industrial diversi…cation and specialization.
The shares of the HO aggregates and the Rybczynski e¤ect
We turn now to measuring the fraction of between-aggregate changes in industrial specialization that can be attributed to factor accumulation -as opposed to other neoclassical factors (such as changes in relative prices or biased technological change). 13 We start by computing the value-added per worker for aggregate a in country n predicted by our estimates; which allows calculating predicted shares for both aggregates.
The predicted share of aggregate a = k; l is then computed as:
We can then compute the change in shares for both aggregates explained by our model:
To isolate the role played by factor accumulation (the Rybczynski e¤ect) in determining diversi…cation-concentration patterns, we begin by computing an estimate of the value-added per worker for aggregate a in country n that would have been observed without any change in the coe¢ cients of the model or in the country residuals, but with changes in K n =L n :
The new predicted share of aggregate a is given by:
We then compute the change in shares for both aggregates explained by the Rybczynski e¤ect only: Figures 3 and 4 report the actual changes in the share of the labor-intensive aggregate, as well as the changes predicted by the neoclassical factors. Changes of specialization across aggregates are indeed well explained by the neoclassical factors emphasized here (Rybczynski e¤ect, change in the relative price of the two HO aggregates, technological change biased toward an HO aggregate). As a result, when computing the between-aggregate change, we obtain a good estimate of the change of HI due to the neoclassical factors.
<Figure 3 about here.> <Figure 4 about here.> Figures 3 and 4 show that the Rybczynski e¤ect is by far the most important factor explaining the evolution of industrial specialization across HO aggregates. For many countries, the change in the share of the …rst HO aggregate is close to the observed changes, for both the 1976-1990 period and the 1990-2000 period (i.e. close to the 45-degree line). In both periods, but especially in the …rst, the results further indicate that, among the neoclassical factors, the Rybczynski e¤ect is hugely dominant as the dots and crosses are nearly coincident in the Figures. It is therefore changes in the countries'capital-labor ratios that explain most of the switch of production from one HO aggregate to the other.
Conclusion
This paper argues that the HO model provides a possible explanation for the two stages of development documented by Imbs and Wacziarg (2003) . The U-curve for industrial concentration observed over an economy's development path may be the direct result of neoclassical factors such as capital accumulation -the traditional Rybczynski e¤ect.
Using a methodology purposely developed to measure the contribution of those neoclassical factors, we …nd them, especially capital accumulation, to explain between one third and half of the observed changes in industrial concentration.
The decomposition we make presents only a lower bound to the impact of factor accumulation, but it clearly indicates that a substantial fraction of the evolution of industrial diversi…-cation patterns remains unexplained by the standard neoclassical factors. Specialization with economies of scale, risk diversi…cation, and other forces are also part of the story. In this paper we proposed a …rst measure of the total contribution of these non-neoclassical elements. Their respective contributions remain to be determined, however. 0.841*** (0.179) Constraints 1l = 0 1k = 0 3l = 0 2k = 0 3; 000 1l = 2l 18; 000 2k = 3k 2l + 18; 000 2l = 0 Notes: Estimates of Equation (2) using constrained Non-Linear Least Squares. Country-HO aggregate …xed e¤ects are included in the estimation. Robust standard errors are reported in parentheses. *** indicates statistical signi…cance at the 1% level. These estimates take the HO aggregate cuto¤ q = 7; 500 to de…ne the two HO aggregates, and the cuto¤s 1 = 3; 000 and 2 = 21; 000 to de…ne the cones. 1986-1990 to 1996-2000. 3 Figure 1: Production Patterns in the 2x2 HO Model. (1976-1980) -(1986-1990) . (1986-1990) -(1996-2000) .
